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Abstract 
Following the rapid development and economic growth that hits most of Latin American countries, a fast transformation in 
transportation systems is occurring. The resulting negative effects of these processes are analyzed in a broader scenario in the 
course of the paper that focuses on transportation emissions, specifically CO2. Later, a quantitative exercise is made using Santiago 
de Chile for a closer analysis of possible future scenarios, which were elaborated based on aggregated models to forecast emissions. 
The results suggest that current efforts are not sufficient to reach meaningful reductions in emissions. Finally, propositions to 
improve future results are made. 
© 2014 The Authors. Published by Elsevier B. V. 
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1. Introduction 
Latin America region is composed by 20 different countries and has a population of 589,018,078 inhabitants spread 
over 21,069,051km2 of land (Trading Economics, 2013) that includes a variety of languages, landscapes, and cultures, 
but also offers the opportunity for comparisons in many other aspects. The idea to look for this region as a whole when 
talking about certain aspects, as emissions, is easily justifiable: the similarities in economic aspects that bring together 
Mexico with the countries of Central and South America, are consequently reflected in transportation decisions and 
behaviors. (Schipper et al., 2010). 
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The population growth and economic development faced by each country, intensified in the last decades, combined 
with the inadequate planning and the lack of coordination between the different sectors of urban life – as for example, 
land use and transport – generated, especially in big cities and metropolis, unsustainable and inefficient conditions. 
Traffic saturation and the increasing emissions of pollutants and greenhouse gases are some of the most worrying 
results of this situation. Bottesini et al. (2008) describe this situation as being a virtuous cycle, where the economic 
growth stimulates the demand and the consequent increasing in the transport offer stimulate the development of the 
country. 
Focusing in emissions generated from transportation, the paper is structured trying to discourse in different levels 
of this question. Firstly, the current situation in Latin America is described, followed by an analysis of different projects 
and ideas that go against the common trends. Lastly, the case study of Santiago, Chile is used for a deeper analysis. 
2. The actual situation of CO2 emissions in Latin America 
In everyday life, is already an ordinary subject for Latin Americans to talk about the increasingly hours spent in 
traffic, the lack of public transport and the high indexes of pollution. Magazines and newspapers report numbers, as 
for example the 180km long traffic jam in the morning in São Paulo, Brazil, where drivers can take two hours to travel 
their daily commuting route (Cabral, 2012). In Santiago, Chile, the increase of air pollution in a short period is reported 
constantly. 
The call for attention to this situation can also be seen in the graphs of many studies realized in the last decade. In 
Figure 1, where different countries and regions are used to compare the quantity of CO2 emissions in the last decades, 
would be possible to say that Latin America have a discrete role in world emission. 
 
 
Fig. 1 Comparison of CO2 emissions from different countries and regions in the world. Data source: The World Bank CO2 emissions (kt): Carbon 
Dioxide Information Analysis Center, Environmental Sciences Division, Oak Ridge National Laboratory, Tennessee, United States 
However, other studies, as the one presented by Schipper, Deakin & Mcandrews (2009), give a more concrete idea 
of the scenario and future preoccupations. The authors show the shares of CO2 divided in sectors. In this context, while 
transport in the world represent 24% of the CO2 emissions, for Latin America only, the share of emissions related to 
transports goes to 35%. 
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An aggravation is the perspectives to the future related to car ownership and Vehicle Kilometers Travel (VKT) by 
inhabitants in the next 15 to 30 years from now. A study conducted by the World Business Council for Sustainable 
Development (Mobility 2030: Meeting the challenges to sustainability, 2004) show in numbers the evolution of these 
aspects. It is forecasted that Latin America, together with China, will have the highest average annual growth rates in 
passenger-Kilometers per year until 2050. In the same study, these trends also apply for the growth in light duty 
vehicles ownership. While more developed countries tend to stabilize their numbers, Latin America still has much to 
add in the near future. 
After the analysis of these data, is possible to suppose that in the next years, Latin America may represent more 
than a small share in the world’s emissions scenario and as showed, transport has a greater role in this subject. Not 
only is the global context important: looking the regional scenario, related problems are already reflecting in the cities 
and their inhabitants. 
In data provided by The World Bank (2013), 79% of Latin America population lived in urban areas in 2012, and 
35% lived in urban agglomerations of more than 1 million inhabitants. According to Schipper, Deakin & Mcandrews 
(2009) about 60% of the road transport emissions happen in urban areas. 80% of all emissions of LDV and 
Motorcycles, Mini Buses and Light trucks happen in urban areas and 50% of emissions caused by buses and medium 
trucks. 
All these numbers have a great impact in human life. Especially concerned with emissions, questions of public 
health, urban climate and quality of life depend from now on largely on the abilities of Latin American cities to deal 
with this challenge of control emissions but at the same time the necessity of development and economic growth. 
Many agree that the first step is to have a clear idea about the actual scenario, in order to have conscience of what 
we are dealing with. After that is important to find ways and ideas in order to change the future. Figure 2 is the 
representation of this idea. 
 
 
Fig. 2. The Baseline represents the future following the actual patterns. How to reach reductions and a better scenario? 
Source: Image by the authors 
The question is how can Latin America reverse its bad projections for the future? It is already possible to see 
punctual ideas arising from different cities and some will be analyzed in the next chapters. 
3. Good Practices 
During many decades, the traditional answer to transportation demand increase was to construct more road 
infrastructure. Even though enough critics about this system have already been raised and are well argued, this 
principle is still dominant in Latin American cities.  
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In a recent realized study financed by Siemens where the 17 most populous cities of Latin America were considered 
in order to create an index, the “car culture” that is dominant among the citizens was noticed. The study draws attention 
to the insufficient number of policies in order to reduce the use of cars and the inability of public transport networks 
to contain the growing rates of vehicle ownership. (Economist Intelligence Unit, 2010) 
These findings can be reinforced by the numbers presented by Schipper, Deakin & Mcandrews (2009). In the data 
presented by the authors, the share of LDV (Light Duty Vehicles) and Motorcycles in the CO2 emitted in urban areas 
correspond to 61.5% of total emissions.  
In an attempt to change this reality, The Sustainable Urban Transport Project (SUTP) promotes a different 
approach. Instead of focusing in supply, they propose alternatives that look to the demand. This new way of look the 
problem is known as “ASI” that means Avoid (or Reduce), Shift (or Maintain) and Improve (GIZ, 2011). Below, these 
three aspects will be reviewed and analyzed in the Latin American context, with the mention of some significant and 
exemplary projects. 
3.1. Avoid
Avoid refers to the need to improve the efficiency of the transport system through integrated land-use planning and 
transport demand management reducing on the one hand the need to travel and on the other hand the trip length (GIZ, 
2011). 
This is certainly the most complex of the three items of the “ASI”. It involves a long-term perspective and also the 
interaction between the planning and transport sectors of the city, which is something hard to be observed. Curitiba 
can be used as example. In the beginning of 60’s the city created an Institute for Research and Urban Planning 
(Instituto de Pesquisa e Planejamento Urbano de Curitiba – IPPCU). From it came the implementation of a Master 
Plan in 1971. This resulted in a better coordination of planning, land-use and the worldwide famous Bus Rapid Transit 
System (Carvallo & Lizana, 2011). 
The city of Guatemala, Guatemala, is also developing a plan with Transport Oriented Development, taking into 
account high density and mix of uses, which is a powerful way to avoid trips and reduce emissions in urban areas. In 
the new scheme, high densities are combined with mass public transport. (Municipalidad de Guatemala, 2009) 
The documents available for public consultation however do not contain any information about the expected or 
already achieved emissions reduction or the reduction in (Vehicle Kilometers Traveled) VKT. 
3.2. Shift 
“Shift instruments seek to improve trip efficiency. A modal shift from the most energy consuming urban transport 
(i.e. cars) towards more environmentally friendly modes is highly desirable.” (GIZ, 2011) 
Different from “Avoid” is possible to find many examples in this field. Certainly, the most famous example, a 
creation of Latin America, is the BRT System. It was firstly introduced in Curitiba, in the year 1974. Designed as “a 
subway, but above ground using buses.” (Carvallo & Lizana, 2011: p. 27). The study realized by Carvallo & Lizana 
do not provide emission numbers, but they state that  
The success of the program can be deduced by the intensive use of the system by the people of Curitiba despite 
of being one of the cities with the highest rate of vehicles per person (0.62 compared with 0.137 in Santiago, 
Chile for example). Indeed according to the Investor’s Guide in 2009, 2.4 million passengers were 
transported in a daily basis using the public system. (Carvallo & Lizana, 2011: p. 38) 
The idea that provides a solution for many economic barriers involving mass transport in Latin American cities 
was “copied” by many others with success. Mexico City, Santiago and Quito have already bus-based transport reforms 
similar in some aspects to the system in Curitiba. From cities with BRT in the world, America Latina contains 34,6% 
of the total operating length (BRT Centre of Excellence et al., 2014). The most famous case is TransMilenio in Bogotá. 
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The Colombian city introduced the BRT system in 2000 and since then the success could already be verified. 
Besides the contributions in traffic quality, improvements in emissions were quickly observed. According to Carvallo 
& Lizana, in his fifth year of existence, the system registered a 40% reduction in air pollution. With the future 
finalization of the implementation of phase 4, the expectations are to reduce the number of trips by private cars: BRT 
would be responsible for moving 50% of the population and with it being able to reduce even more the emissions. 
However, the increase of bus service kilometers also increase the emissions of Particulate Matter. This problem could 
be solved with better diesel quality and particle filters, leading to a possible reduction of 80% in emissions. 
Other examples of “shift strategies” besides the implementation of BRT systems can be found. For instance, Rio 
de Janeiro, Brazil is investing in the shift to non-motorized transport. What started maidenly has now become a major 
issue to the city that has its efforts recognized by the famous “Copenhagenize Index” of 2013, being the only Latin 
American city present among the main bike-friendly cities around the world (Copenhagenize, 2013). The city, together 
with the World Bank has launched in 2012 a Program called “Low Carbon City Development Program” where one of 
the main strategies is to improve the already existent system of bike renting and also provide the expansion of bike 
paths spread all over the city. The aims are to reach 16% reduction in Carbon emissions by 2016 comparing to 2005 
situation and 20% by 2020. If the numbers can be achieved, by the end of eight years the city will have emitted 2.3 
million metric tons less than if the Business as Usual (BAU) trend would have been maintained. (The World Bank, 
2012) 
3.3. Improve 
“The improve component focuses on vehicle and fuel efficiency as well as on the optimizations of transport 
infrastructure. It pursues to improve the energy efficiency of transport modes and related vehicle technology.” (GIZ, 
2011) 
In this area is possible to have short and midterm alternatives that combined with one (or both) of the above 
mentioned strategies can have a synergy and result in big reduction numbers. 
In the calculation of emissions, these measures will have impact mainly in the quantity of CO2 emitted per km 
travelled. The countries have in the last decade implemented measures and policies that try to regulate the quality of 
the fuel used, the efficiency of new cars and the renewal of the fleet.  
In Brazil, for example, alternative sources as ethanol have been used largely. In 2012 88,88% of the cars produced 
in the country (more than 2 million vehicles) were “flex”, meaning that they can be fueled both with ethanol or gasoline 
(ANFAVEA, 2013). These methods, however, are questioned by many. The well-to-wheel emissions should be 
considered when discussing the real impact and reductions. Another factor is that even though the reductions have 
been reached with new policies, the increasing rate of cars upholds the growing emissions.  
In recent inventories is possible to see significant reductions of NMHC, CO and NOx but the improvements in 
efficiency of cars and fuels cannot follow and be enough to reduce CO2 emissions (Ministério do Meio Ambiente, 
2011). Predictions show a rapid increasing of CO2 emissions until 2020, especially because of the increasing in private 
vehicles ownership. 
The projects, however, are most of the times punctual. The complexity involved in the decisions, added to the lack 
of consistent data, makes commonly difficult a serious analysis and a real impact evaluation. Regarding the next 
chapters is important to have in mind that each city is unique, with its own particularities. However, a closer look into 
one example makes possible to have a better comprehension of what Latin America is facing and what are the future 
challenges regarding emissions, especially CO2. 
4. Case Study: Santiago de Chile 
Gran Santiago is a vibrant capital city of about 6,03 million inhabitants (INE, 2012), located nearly in the center of 
the long but narrow country of Chile. As many other developing cities, it has witnessed in the last five years a rise in 
CO2 emissions of mobile sources by more than 23% (Ministry of Environment, 2012a). Chile is only a minor polluter, 
but what raises concerns is that emissions may grow even more drastically in the future. This phenomenon is related 
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to nations that are getting closer to a level of mobility and consumption characteristic of a developed country. 
Moreover, what also makes Santiago a good starting point is that there are massive urban and mobility reforms in the 
agenda and useful data available. 
4.1. Aim of the analysis 
In the following sections, the paper will analyze at a first moment the context of Santiago’s growing transport-
related emissions and examine the recently released “Santiago 2025 Transports Master Plan” (Ministry of Transport 
and Telecommunications, 2012). Different CO2 emission inventories will be investigated against the national 
reduction goals, followed by adaptations to aggregated models in order to estimate forecasts for main future scenarios 
consistently. Then, preliminary results will be presented, as well as ideas on methodology and how to achieve 
reduction goals in Santiago. In the end, this exercise will help to get conclusions for whole Latin America. 
4.2. Context of growing emissions 
Chile has a minor participation in global greenhouse emissions (0,2%), holding the place 61º of emissions per 
capita with 4,35 tons of CO2/inhabitant in 2008 (International Energy Agency, 2010; extracted from Ministry of 
Environment, 2011). Nevertheless, what concerns most is the speed of growth of these emissions, which increased by 
232% in the 1990-2006 period reaching 60,8 million tons of CO2. The main reason is the expansion of the energy 
sector, which includes the transport sector. Accordingly to this concern, Chile signed the Emission Reduction Target 
for developing countries in the Bali Convention. According to the Ministry of Environment (MoE, 2012b), the 
commitment consists in a decrease in 2020 to 20% below business as usual (BAU) from 2007 projected emissions. 
This is very important, because later on the emission forecast will be analyzed according to a similar goal. 
Why are CO2 emissions growing so fast? A direct answer comes from the vehicle fleet growth shown in Figure 3. 
Between 2005 and 2012 motorized vehicles increased from 1.050.744 to 1.597.762, leading cars and trucks with an 
annual growth of 6,61% and 4,36% respectively (INE, 2005-2012). That means today around 500 new cars every day 
(Wahr, 2013). Accordingly, the participation of private vehicle trips in Santiago’s modal split has increased from 
18,5% to 38,1% only between 1991 and 2001 (DICTUC, 2006). This dramatic increase is related with the fast 
economic and the total trip growth experienced by households, but also to the urban sprawl of recent decades. 
 
 
Fig. 3. CO2 emissions versus vehicle number in Gran Santiago (own elaboration from INE, 2005-2012; DICTUC, 2007; MoE, 2012a) 
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Additionally, it is related to public transport history. It starts in the 80’ with a completely deregulated bus transit 
system, which was slow, inefficient, dangerous and polluting (Díaz, Gómez-Lobo, & Velasco, 2004). Consequently, 
it was voted the worst public service in Santiago (Muñoz, Ortuzar, & Gschwender, 2009). Therefore, the government 
proposed the Transantiago system in 2007, including fare integration with the sub-utilized Metro network and a proper 
service (Muñoz & Gschwender, 2008). 
However, as the cited literature describes, the implementation was chaotic and provoked even a political crisis. 
Since then the discredit of public transport in public opinion did not change much. Today many kinds of improvements 
were introduced and the public transport system is probably the best that Santiago has ever had (Beltrán, Gschwender, 
& Palma, 2011). Nonetheless, the better operational results have not been enough to stop the accelerated private 
vehicle growth.  
Despite that, there are hopes and efforts of changing this trend. This year a new transit infrastructure plan was 
proposed and a commission was summoned to devise measures against car easiness and congestion. Housing policy 
is slowly shifting from sprawling to a more “in filling” orientation. There is also a growing agenda to promote non-
motorized modes, with some local plans and actions already undertaken. What should be the goal on CO2 reductions 
to aim these policies? 
5. Transport related emissions today 
With this broad summary in mind is easier to understand why the traffic congestion and the private car ridership is 
increasing so fast, from a share of 40% in 2006 to 48% in 2012 in motorized trips (SECTRA, 2006). That has a huge 
impact not only in the structure of the city but also in the environmental aspects that this study is interested in. 
Figure 4 shows the results of the last two emission inventories available, 2005 and 2010, which point an increase 
of 20,6% of total CO2. These numbers do not include the growing air traffic, which in 2012 reached 14,2 million 
passengers with an annual growth of 17,4% (SCL, 2012). In addition, electricity used by Metro is not emission free, 
but the estimations cited do not consider this. Although both are small compared to the other transport modes, they 
should be considered in future emission inventories for better analysis. 
 
 
Fig. 4. Total CO2 emitted (tonnes/year) by ground transport in the Metropolitan Region of Santiago, according to available emission inventories 
(DICTUC, 2007; MoE, 2012a). 
Likewise, as is possible to observe in Figure 5, the main source of CO2 emissions in 2005 were private vehicles, 
mostly cars. As is showed in part 7, their share should have increased since then. After private vehicles and trucks, 
buses had also a relevant share of total CO2 emissions. But since Transantiago implementation in 2007 the public 
transport fleet is now smaller and cleaner. 
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Fig. 5. CO2 emission sources in the 2005 emission inventory (DICTUC, 2007) 
However, the disaggregated CO2 quantity and a standard emission factor used by mode are not available in the 
2010 emissions inventory. Furthermore, a review of the main results suggests inconsistency of goals and very different 
forecasts between governmental agencies. Since the access to good quality data is a common problem in Latin America 
and for achieving CO2 emission reductions is needed coordination of many disciplines, this work aimed to contribute 
some lights about this issues and broadly estimate the main scenarios. 
6. Forecasts of future CO2 emissions 
6.1. Business as usual scenario and inconsistent projections 
In this paper, the BAU is defined as a scenario in the future that results from the projection of the tendencies that 
are seen today. In this case, the 2025 BAU scenario of CO2 emissions is formulated as the result of the growth rate of 
2005-2010 emission inventories only. That means that the last rate is supposed to be constant because of the uncertain 
dynamics between vehicle fleet growth, emission factor decreases by cleaner technology, and changing travel patterns 
of the population. Then, the outcome for BAU scenario is 12,38 million tons of CO2 in 2025. 
On the contrary, Figure 6 shows the contrast of the BAU with different projections forecasted in the emission 
inventory of 2010. Both the 2% and 6% annual GDP growth scenarios are used in the study as baselines. This way, 
the projections reach the dramatic outcomes of 16,64 and 41,92 million tons of CO2 in 2025, an increase of 103% and 
412%. Then the document suggests CO2 reduction measures, but they are not evaluated in terms of quantity or 
fulfilling a specific reduction goal. 
It is evident that a somehow ever increasing growth is expected, which is related to the projections of the motorized 
vehicle fleet shown in Table 1. It is clear that there is a direct proportion to the 112% and 461% increase of vehicle 
number. This alone is not peculiar, what seems unrealistic is to model an exponential functional form for the fleet 
growth. In an already very congested city as Santiago, such evolution seems improbable to happen, instead something 
more similar to a logarithmic development is expected for the future. And above all it is inconsistent for the obvious 
reason that there will not be more vehicles than adults, as suggested in the 6% GDP scenario. 
 
453 Gabriela Calcanhotto Mengarda and Markus Niehaus del Solar /  Transportation Research Procedia  4 ( 2014 )  445 – 460 
 
 
Fig. 6. 2025 BAU and GDP based forecasts (own elaboration and MoE, 2012a) 
Table 1. Vehicle number and activity in the 2010 emission inventory and forecast (MoE, 2012a) 
Scenario Cars Buses Trucks Taxis Motorcycles Total 
2010 (veh) 1.252.737 17.867 62.878 39.393 55.968 1.428.843 
2025: GDP 2% (veh) 2.710.816 21.267 155.797 40.013 105.730 3.033.623 
2025: GDP 6% (veh) 7.181.423 21.267 415.095 40.013 363.018 8.020.816 
All: Activity (km/veh-year) 16.452 42.570 36.020 40.568 5.000 - 
 
The details on how the model was built are not reported, but it is probable that the emission factors were kept 
constant. This may be a too simplistic assumption for a real baseline, since today lower emission cars are entering the 
country without a special governmental policy. Then, to cope better with environmental objectives authorities need to 
undertake emission reductions based on more realistic rather than just alarming scenarios. This way it would not be 
easy to achieve decreases without important measures. Otherwise, there could be the risk of self-cheating by achieving 
the reduction according to flaw forecasts but not based in what actually is being emitted. 
Nevertheless, an advantage of recreating a similar approach (first correcting these aspects) is precisely its 
simplicity, enabling the use of simple data, easy to access and analyze, and available in most Latin American countries. 
Another valuable aspect from the 2010 emission inventory is that it included an activity level per vehicle (Table 1), 
modelled by the Secretary of Transport Planning (SECTRA). It was kept constant through the different scenarios, but 
it is easy to introduce variations according to changes in travel patterns. In addition, the five vehicle categories will 
be used in chapter 7. 
6.2. Santiago 2025 Transport Master Plan 
The Santiago 2025 Transport Master Plan (STMP) was launched midst of 2012 by the Ministry of Transports and 
Telecommunications (MTT) to be a guide for strategic investments in infrastructure and management in the long term, 
for mobility of persons and goods in Santiago. The main objectives are described to be efficiency, equality, 
sustainability and security (MTT, 2012). An evaluation of these strategic projects is made via two full described 
possible futures that are then compared: the Base and Plan scenarios. According to the city economic development 
and demand for transport, both are modelled and interacted with whole Santiago. For that it is used a simultaneous 
equilibrium software called ESTRAUS, which includes a methodology named MODEM for calculating the resulting 
emissions. 
The Base scenario consists in today’s network plus the projects that are already in construction, and also the ones 
that the planning is finished or are “consensus” projects. Moreover, the Plan includes additional projects that may be 
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prioritized from the agenda or are a result of new ideas. In this case, they applied the political view of selecting projects 
for the Plan scenario, in a way that the average travel times for both buses and cars would increase significantly from 
the average current travel times. 
Furthermore, in this opportunity it was implemented unalterable constant values not only for demographic, but also 
for car possession and total trip quantity projections for both scenarios. The total investment is massive for Chilean 
standards: 22.750 million USD of march 2013, which represents a 28% increase in investment compared to the same 
time period in recent past, and 66,2% of the amount would go to the Plan projects. Hence, total investment is 
distributed for a number of selected projects as shown in Figure 7. 
 
 
Fig. 7. STMP investment priorities to be implemented at 2025 (MTT, 2012) 
It shows an important investment on public transport (47%). Nevertheless, it is probably not enough to 
counterweigh the effect of the bigger amount dedicated to more streets and urban highways, plus the historic 
investment that has been done for decades for private vehicles. As shown in Table 2, both scenarios result in a 
significant increase in modal share of cars, as the trend seen in the past is consolidated. 
Table 2. Main transportation outputs of STMP model (MTT, 2012). 
Variable Today (modelled) Base scenario Plan scenario 
Share of cars 48% 58% 55% 
Share of public t. 52% 42% 45% 
Distance – cars  12 km 12,4 km 12,6 km 
Distance – public t. 13,2 km 13,1 km 13,6 km 
Travel time – cars  38 min 47,6 min 40,9 min 
Travel time – public t. 34 min 34,1 min 29,1 min 
Speed – cars  19 km/h 15,6 km/h 18,5 km/h 
Speed – public t. 23,3 km/h 23,1 km/h 28 km/h 
 
Although the Plan proposed some measures to stimulate non-motorized modes and lower the emission factors, the 
overall CO2 emissions still grow considerably as shown in Figure 8. This is consistent with the increase in modal split 
of cars, supported by the investments that kept its travel time fairly constant. According to the last updated emission 
output data provided, in 2025 the total emission would be 13,71 and 12,03 million tons of CO2 respectively for the 
Base and Plan scenarios. The latter contribute only with a 12% reduction on their own baseline, which starts 11% 
higher than the BAU scenario. If the Bali Convention commitment is taken into account (i.e. implementing mitigation 
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policies that allow 20% less than BAU scenario) as an objective for the transport sector in Gran Santiago itself, then 
this master plan is far for achieving the environmental goal of 9,91 million tons. 
 
 
Fig. 8. STMP emission forecasts and the emission goal (own elaboration and MTT, 2012) 
The complex model utilized seems to be very coherent and effective for estimating emissions. Nevertheless, it did 
not consider trucks that would add at least 20% more emissions, even further from the BAU and Reduction goal 
scenarios. Probably if they are included, the Master Plan forecast would get close to the 2% GDP growth scenario of 
the 2010 emission inventory. Even without taking into account the truck emissions, there are still 3,80 million tons to 
be reduced or 28%. 
The change in modal split is the main cause, since the model indicates that though trip rate incremented only a 
little, the rise in modal share of cars, longer trips and travel times are very significant. There is an absence of an active 
policy to diminish car and truck emission factors, while the Plan concentrates directly only on diminishing emissions 
in buses, which are by far less relevant. This way, this paper claims that the STMP itself is not consistent enough with 
environmental goals and public transport promotion. There could be more measures implemented in order to shift, 
avoid or improve transport related to emissions, which would help also against congestion. 
7. Aggregated estimation models 
What follows is a backcasting analysis using a quantitative exercise. How should the different and relevant 
components of the system change in order to diminish emissions to achieve environmental ambitions? A low cost and 
efficient alternative is to estimate using aggregated models of emissions. First robustly proposed in the ASIF document 
(Schipper, Marie-Lilliu & Gorham, 2000), there are many versions of formulas to calculate emissions.  
7.1. Based on passenger-kilometer 
A useful approach was proposed for estimating emissions in Brazil based on passenger-km data by Bottesini et al. 
(2008). Since this version was implemented on a national scale, for a city like Santiago, for example, the urbanization 
index does not make much sense. For backcasting, it also needed to manipulate input data based on motorized trip 
generation rate (R) and modal split (Si) of the transport modes. Accordingly, the latter was adapted to get Equation 1: 
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૚૙૚૛
        (1) 
Q  = annual quantity of total CO2 emitted [MtCO2/year] 
PT  = total population of Santiago [hab] 
dPT,PV  = distance travelled by the inhabitants via public transport or via private vehicle [pax-km/hab-year] 
qPT,PV  = quantity of CO2 emitted for transporting one passenger per km, for public transport or private vehicle 
[gCO2/pax-km] 
 
Table 3 shows data and results using equation (1) for each scenario. The emission factors are calibrated in 2025 
Base and Plan scenarios (underlined), because they are the only disaggregated emission output available for estimating 
emission factors. Although a little high, this factors are obtained using the annual emission by mode, which then is 
divided by the respective total trips and mean travelling distance. Therefore, it represents an annual emission factor. 
The table also includes the input data used; the cells with two terms are for private and public transport respectively. 
Table 3. Emission estimation with the approach of Botessini et.al (2008) of equation (1) (own elaboration with data from MTT, 2012). 
Scenario Mot. trip/ per-day 
Popul.
(MM) 
E. factor 
(g/pax-km) 
Modal split*
(%) 
Dist. (pax-
km/trip) 
Result (MM 
t CO2) 
2025 Base 1,63 7,300 420 & 23 58,4 & 41,6 12,4 & 13,1 13,708 
2025 Plan 1,63 7,300 380 & 18 55,7 & 44,3 12,6 & 13,6 12,026 
2005** 1,42 5,652 420 & 23 40,2 & 59,8 12,0 & 13,2 6,625 
2010 1,44 6,027 420 & 23 48,3 & 51,7 12,0 & 13,2 8.959 
2025 Fit to red. goal 1,63 7,300 380 & 18 45,0 & 55,0 12,6 & 13,6 9,908 
*) It is based on the morning peak hour network simultaneous equilibrium, which then was annualized by the proposed expansion factor.  
**) Source: SECTRA 2014 
 
The results of the emission estimation in 2005 and 2010 using equation 1 are very similar to those observed in the 
emission inventories. The estimation has a deviation of only 156 tons less in 2005, and 776 tons more in 2010, so it is 
fairly accurate in this range of scenarios. Accordingly, using the inverse procedure it can be estimated broadly which 
modal split has to be achieved in the system in order to fulfil the emission reduction commitment. For that, the input 
used were the emission factors, distances and trip generation of the Plan scenario, resulting in a requirement of 45% 
modal split for cars and 55% for public transport (showed with bold font). 
However, one limitation of this model is that passenger-km data is more difficult to get and estimate and normally 
it requires costly mobility surveys or complex modelling software. In this case, it would be difficult to forecast the 
distance travelled by every mode in every scenario, without knowing the exact measures to be implemented. Thus, by 
using equation 1 the backcasting procedure is limited. 
7.2. Based on kilometer/vehicle 
The above mentioned setbacks suggests that another methodology is needed that requires more easily available 
data. To get information about quantity and intensity of vehicles and activities, one way would be to access both car 
register/import data and the normally mandatory regular vehicle technical inspection data. This way we obtain the 
number of vehicle by type (Ni) for all modes (m), each mean distance travelled (Di) based on km/vehicle. Accordingly, 
the following Equation 2 is proposed: 
 
ࡽ ൌσ ࡺ࢏ ή ࡰ࢏ ή ࡽ࢏࢓࢏ୀ૚           (2) 
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Fortunately, the tailpipe emission factor (Qi) is a very common both in the market and in emission reduction studies, 
since in many countries it is mandatory for selling new cars. Table 4 shows the values for a new estimation based on 
different sources, taking also in consideration Europe’s emission factor goals in 2015 and 2020 for Chilean vehicles 
in 2025 (EEA, 2013). 
 
 
 
 
 
 
Table 4. Details on tailpipe emissions (gCO2/km) for equation (2) (own elaboration with data from EEA, 2013; Carrasco, 2009; OCCC, 2011). 
Scenario Cars Buses Trucks Taxis Motorcycles 
2025 Base  216,3   1.377,9   1.103,5   216,3   83,0  
2025 Plan  195,9   1.021,8   1.103,5   216,3   83,0  
2025 Fit to red. goal  145,0   1.000,0  880,0  130,0   83,0  
 
In such a way is possible to estimate emissions in all scenarios, including all relevant modes of transport, which is 
showed in Table 5 and Figure 9. Thus it is even more consistent with the emission inventories of 2005 and 2010, also 
providing an alternative estimation of the STMP emissions for both Base and Plan scenarios. In chapter 8, the results 
for achieving the emission reduction goal will be presented. 
Table 5. Application of equation 2 and forecast (own elaboration from INE, 2005-2012; MoE, 2012a; MTT, 2012). 
Scenario 
Vehicle number Activity (km/veh-year) 
Result (MM t CO2) 
Cars Buses Trucks Cars Buses Trucks 
2005 930.706 24.488 52.539 15.931 42.828 34.880 7,017 
2010 1.252.737 17.867 62.878 16.452 42.570 36.020 8,379 
2025 Base 3.272.119 21.267 119.264 16.973 42.312 37.161 18,455 
2025 Plan 2.700.000 21.267 119.264 17.247 43.698 37.761 15,283 
2025 Fit to red. goal 2.439.734 23.394 119.264 14.660 43.698 32.418 9,907 
 
 
 
Fig. 9. CO2 emission sources in the 2025 Base, Plan and Fit to Reduction Goal (own elaboration) 
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8. Results 
Will Chile be able to achieve the emission reduction goal of 80% BAU scenario? Broadly available evidence 
suggests that the country is not on track to do so. As Figure 10 shows, the implementation of new planned projects 
and policies of the STMP are far away from the objective of less than 9,91 million tons of CO2 per year. 
 
 
Fig. 10 Emission outcomes under estimation models compared to Base and Plan scenario accounts 
Furthermore, on one side the Ministry of Transport’s outcome of emissions seem to be underestimated. On the 
other side, the Ministry of Environment forecasts are not consistent and there may be a lack of coordination for 
implementing some of its proposals. 
A methodological contribution is made by equations (1) and (2), which are accurate enough in forecasting CO2 
emissions for known scenarios and broad input data. It also provides a backcasting analysis tool for alterations to the 
scenarios and guidelines for achieving goals. Finally, the following specific conclusions can be drawn about the 
results: 
 
x All scenarios announce a growth of emissions higher than the BAU, mainly because vehicle and activity grow 
faster while emission factor reduction targets are softer than what has happened in previous years. It is important 
to suppose an exigent BAU scenario so that there is more effort on its reductions.
x To achieve the reduction goal for transports in Gran Santiago, around 8,70 million tons of CO2 have to be 
reduced by 2025. This has to be done using a comprehensive toolkit of different measures attacking both 
emission factors and demand.
x A decrease of around 10 points for the motorized modal split of cars is needed in the proposal, according to 
equation (1).
x More comprehensively, using equation (2) the goal would be met if there is: 
ż 10% decrease of car trips and 10% increase in trips by bus based on MoE 2% GDP growth projected fleet. For 
this, the measures that the Congestion Commission may propose on vehicle standards are very needed, and 
also more public transport investments. 
ż Significant reduction of emission factors of the whole fleet, similar to European average requirement for the 
new fleet in 2015-2020.
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ż 15% reduction of car and 10% truck km/year by land use, urban renovation and efficiency in logistic chain 
policies. In the first case, this is achievable by a congestion pricing or license restriction measures like the 
ones that are being analyzed this year.
9. Conclusions 
The ambitious task of estimating CO2 emissions in Latin America through different perspectives (from a general 
view to a deep look into a case study) had as main objective to provide a perception about the future problems to be 
faced by Latin American cities on the topic and explore possibilities about how to deal with this challenge. The 
analysis presented here could be extended to other cities in different countries in order to have a more complete 
scenario. Nevertheless, important conclusions can be already stated: 
 
x Cities are becoming more conscious about the impacts of transport emissions in the quality of urban life. The 
actions to change the actual trends, however, are still punctual and cannot reverse the increasing private 
motorization.
x As analyzed in the paper, the accuracy of some results offered by official sources can be questioned. This can 
result in misleaded solutions and investments.
x The lack of communication of different agencies, as those related to transport, environment and urban planning, 
can have negative impacts. Alternatives in cooperation could generate positive synergies.
x Aggregated formulas can provide reasonable estimations about emissions in cities at low cost. This is an 
important starting point, especially for cities where data and analysis are a limitation. It also provides a valuable 
analysis tool and further development could be useful for a study across Latin America.
x As explored in the different scenarios, the objectives in emissions reductions, despite difficulty to be reached, can 
be achieved by concentrated and joint efforts, especially combining restrictive measures to private car and 
incentives to public and non-motorized transport.
 
Despite the difficulties that have to be faced, a future with a better scenario is possible. In order to reach that in the 
bigger scale, not only problems have to be shared among the countries, but also the knowledge and experiences have 
to be combined.  
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